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ABSTRACT 


This thesis analyzes how the operation of helicopters produced and supported by 
manufacturers in various countries affect Brazilian Navy repairable inventories levels and 
costs. The research is based on a scenario where the Brazilian Navy operates 68 
helicopters, manufactured by contractors in USA, France, England and Italy, and the 
Brazilian Navy relies on these manufacturers for depot-level maintenance. We develop a 
simulation model representing the repair process of a group of critical helicopter 
components and measure the turn-around time (TAT). We also develop a readiness based 
model to find the optimal inventory level of the selected group of helicopter components 
to achieve a desired operational availability under these TATs. The results were applied 
to a spreadsheet model to find the differences in spare levels and associated costs 
necessary to operate the helicopter fleet. Our research concludes that the helicopter’s 
source has a substantial impact on repairable inventories levels and costs. Furthermore, 
this impact is large enough to influence decisions in the Brazilian Navy acquisition 
process of equipment and weapons systems. 


V 


THIS PAGE INTENTIONALLY LEFT BLANK 


VI 


TABLE OF CONTENTS 


I. INTRODUCTION.1 

A. BACKGROUND.1 

B. PURPOSE.2 

C. METHODOLOGY.2 

D. ORGANIZATION OF STUDY.3 

II. THE BRAZILIAN NAVY ACQUISITION SYSTEM.5 

A. THE BRAZILIAN NAVY ACQUISITION PROCESS.:....._5 

B. LOGISTICS SUPPORT.7 

C. SUPPLY SUPPORT. 9 

III. THE REPAIRABLE-ITEM INVENTORY SYSTEM...11 

IV. A SIMULATION MODEL.15 

A. SIMULATION WITH ARENA.15 

B. DATA SOURCES.15 

C. MODEL DESCRIPTION.16 

D. ASSUMPTIONS.21 

E. VALIDATION.21 

F. RESULTS.22 

V. INVENTORY OPTIMIZATION AND OPERATIONAL AVAILABILITY_25 

A. INVENTORY MANAGEMENT_ 25 

1. Demand Based Sparing (DBS). 25 

2. Readiness Based Sparing (RBS)..26 

3. The RBS Models.27 

4. The Single-Site Model.27 

5. Assumptions.29 

B. OPTIMIZATION OF THE BRAZILIAN NAVY’S DLR 

INVENTORY.29 

C. INVENTORY LEVEL AND COSTS.33 

D. LIFE CYCLE COST OF DLR INVENTORY_33 

VI. CONCLUSIONS AND RECOMMENDATIONS_ 35 

A. CONCLUSIONS_35 

B. RECOMMENDATIONS_ 36 

C. SUGGESTED TOPICS FOR FURTHER RESEARCH....37 

APPENDIX A. DEFINITIONS AND ESSENTIAL TERMS.39 

APPENDIX B. SIMULATION MODEL.43 

APPENDIX C. SIMULATION OUTPUT.47 

APPENDIX D. STOCK LEVEL AND EXPECTED BACKORDERS_49 

vii 






































APPENDIX E. SPREADSHEET MODEL FOR A CALCULATION.51 

APPENDIX F. TABLE OF SIMULATION RUNS FOR EACH ITEM ADDED TO 

INVENTORY LEVEL. 55 

LIST OF REFERENCES.65 

INITIAL DISTRIBUTION LIST.67 


viii 






LIST OF FIGURES 


Figure 2.1. The Brazilian Navy Acquisition Process.5 

Figure 3.1. DLR Repair Cycle.13 

Figure 5.1. Example of System Availability Cost Curve.27 


IX 





THIS PAGE INTENTIONALLY LEFT BLANK 


X 



LIST OF TABLES 

Table 4.1. DLR Rotable Pool Levels.17 

Table 4.2. DLRs’ Mean Time Between Failures.18 

Table 4.3. DLRs’ Squadron /AIMD Removal and Transportation Time.19 

Table 4.4. Distribution of Total Time to Repair Abroad.20 

Table 4.5. Summary of Simulation Results.22 

Table 5.1. Average Pipeline.30 

Table 5.2. Acquisition Costs of DLR.31 

Table 5.3. DLR Optimal Inventory Level. 32 

Table 5.4. Inventory Level and Costs.33 

Table 5.5. Life Cycle Inventory Cost.34 


xi 













THIS PAGE INTENTIONALLY LEFT BLANK 


Xll 



LIST OF SYMBOLS 


Ao Operational Availability 

m Mean Annual Demand 

T Average Repair Time 

p Average Pipeline 

A Marginal Decrease in Expected Backorders 


xiii 



THIS PAGE INTENTIONALLY LEFT BLANK 


XIV 



I. INTRODUCTION 


A. BACKGROUND 

Because of the rapid advancement of weapons systems and the evolution of 
electronic warfare, only a few nations are able to support their own military material. 
The Brazilian Navy must rely on contractors in the United States of America. (USA) and 
in various European nations in order to cover its main material needs and to repair and 
maintain complex equipment and weapons systems. 

The Brazilian Navy Helicopter fleet is composed of 68 helicopters produced in 
four different countries: USA, France, England and Italy. The Brazilian Navy repairable- 
item inventory system is a set of organizations and processes that are responsible for the 
repair and maintenance of these complex components. This system faces long and very 
different Tum-Around-Times (TAT) when dealing with maintenance providers in each 
country because of dependency on foreign support. The time needed to repair the same 
component can double from one provider to another. [Ref. 1] 

One of the consequences of this different TAT is that in order to achieve the same 
Operational Availability (Ao), the Brazilian Navy has to maintain different levels of 
components to support each type of helicopter it operates. Considering that these 
repairable components can represent the largest investment in supply support, even small 
variations in their levels can lead to significant differences in inventory costs. [Ref 2] 

Besides operational characteristics, costs are one of the most important factors 
that influence the Brazilian Navy source selection during the acquisition of a new 
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equipment or weapon system. However, during the acquisition process only the costs 
associated with the initial buy of spares and repair parts are considered. There is no 
assessment of the costs resulting from the variation in inventory levels caused by the 
different TATs faced by the Brazilian Navy repairable-item inventory system. 

B. PURPOSE 

The purpose of this thesis is to identify the impact of TAT on inventory levels and 
costs when dealing with different sources of supply for main systems. 

A simulation model is provided to Brazilian Navy planners to enable them to 
measure the repairable-item inventory system TAT. An optimization model is also 
provided to support inventory management and acquisition decisions related to new 
equipment and weapon systems. The scope of the models is broad, and it is not intended 
to be a solution for a single case. Instead, we intend to provide the logistics decision¬ 
makers with a decision support tool for analyzing the repairable-item inventory system 
and its impact on Ao and inventory levels. 

C. METHODOLOGY 

Extensive archival research was done with books, research papers and Internet 
articles. Telephone interviews were also conducted with personnel from the Brazilian 
Navy, and relevant data was collected through e-mails. Key personnel involved in those 
interviews were the Aviation Maintenance Team Leader [Ref 3], engineers and some 
logisticians [Ref 4]. 

With all information in hand, a simulation software package (Arena) was used to 
develop a model representing the repair process of a selected group of components. This 
particular model is an effective tool for long-term decision making on how to improve the 
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Brazilian Navy repairable-item inventory system. A spreadsheet model was also 
developed to find the optimal inventory levels necessary to achieve the desired Ao given 
the TAT faced by each of the different helicopter sources. Ultimately, the results of each 
source was compared to show the impact of these various TATs on the required inventory 
levels and the cost. 

D. ORGANIZATION OF STUDY 

Chapter II provides a review of Brazilian Navy acquisition process. It describes 
the Integrated Logistic Support (ILS) and supply support costs. Chapter III discusses the 
Brazilian Navy repairable-item inventory system. Chapter IV presents all the information 
about the development of our simulation model. Simulation assumptions and model 
descriptions are included. Chapter V delineates the optimization model used to determine 
the spare levels required to achieve a desired Ao under each of the maintenance providers. 
Part of this chapter is dedicated to presenting a brief discussion of Readiness Based 
Sparing, which is used in the optimization model. Additionally, the impact of the 
different TATs on DLR Inventory costs are evaluated in this Chapter. The final chapter. 
Chapter VI, presents conclusions and recommendations. 
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II. THE BRAZILIAN NAVY ACQUISITION SYSTEM 


A. THE BRAZILIAN NAVY ACQUISITION PROCESS 

The Brazilian Navy acquisition process begins with defining requirements, goes 
through analyzing alternatives, obtaining/acquiring a new system, deployment and ends 
with the evaluation of the new system. The whole process is divided in five phases. Each 
phase has specific objectives that must be accomplished before the next phase can begin. 
[Ref. 5]. Figure 2.1 illustrates the acquisition phases. 

The requirement generation is the continuous process of assessing the capabilities 
of the current force structure to meet the projected threats. The Brazilian Navy High 
Command conducts this process and determines the acquisition needs of the Navy. 
Although closely related, the Brazilian Navy considers the requirements determination a 
process independent of the acquisition process, which initiates only when the budgeting 
process indicates that the necessary resources to attend the appointed needs will be 
available. 



Figure 2.1. The Brazilian Navy Acquisition Process. 


5 







The first phase in the acquisition process is the Concept Exploration phase in 
which a workgroup composed of members from the Chief of Naval Operations Office, 
Material Command, and Personnel Commands develops concepts and studies for meeting 
the threat visualized during the requirement generation. In this phase the technical, 
logistics, military and economic bases for the acquisition program are established. The 
main objectives of this phase are: 

• Explore the various material alternatives. 

• Develop the most promising system concept. 

• Develop proposed acquisition strategy, initial cost, schedule and 
performance objectives for the system. 

At the end of this phase, the workgroup produces a General Report to the High 
Command and Navy’s Secretary with an analysis of the operative requirements, the 
systems configuration and the estimated costs obtaining and maintaining the new 
equipment. 

Upon the approval of the General Report of the first phase by the Navy’s 
Secretary the acquisition process proceeds to the Program Definition Phase. In this phase, 
the Material Command designates a Program Manager to coordinate all the activities 
related to the acquisition of the new system. In this phase, extensive analysis seeks to 
validate the major program characteristics such as technical performance, logistics, 
affordability and development schedules. In addition, manpower, logistics, repair and 
maintenance parameters critical to system readiness and support costs are identified, and 
a “Request for Information” is sent to all possible suppliers. 
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At the end of the phase, the Program Manager produces a new General Report 
containing an analysis of all the studies made, information obtained and an update of 
estimated costs to obtain and maintain the new equipment. 

With the Navy’s Secretary approval of the second phase report, the Program 
Manager initiates the Contracting Phase, which begins with the requests for proposal 
preparation and preliminary Navy specification of the contract. The Program Manager 
proceeds by notifying the potential system suppliers. Once the proposals are received, the 
source selection process evaluates the proposals and negotiates the awarding of the 
contracts. In this phase, all the associated logistics and operational support for the 
selected system begins to be developed. 

The fourth phase in the acquisition process is the Production Phase. In this stage 
the Program Manager administers and monitors the contract for compliance to ensure the 
conformity of the products delivered against contract specifications. All the associated 
logistics and operational support for the new system is completed, tested and evaluated. 

The fifth and last phase is the Operational Evaluation. This phase begins when the 
operational command receives the system and tests it under the optimal operational 
conditions to evaluate its performance. The results are part of the final report made by the 
Program Manager. This report is used in the evaluation of the acquisition process and as 
feedback for future acquisitions. 

B. LOGISTICS SUPPORT 

The introduction of new systems and equipment in any organization requires that 
a combination of resources in various forms, materials, personnel, maintenance facilities, 
etc., are readily available to support the operation of this system through its plaimed life 
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cycle. These sustaining maintenance and support functions are included within the 
concept of logistics. [Ref. 6] 

The Brazilian Navy assures that all the logistics aspects related to a new weapon 
system are considered in the acquisition process by adopting the same concept of 
Integrated Logistics Support (ILS) used in the United States Department of Defense. A 
formal and precise definition of ILS is presented in DoD 5000.2, part 7A, “Integrated 
Logistics Support”, as [Ref. 7] 

A disciplined, unified and iterative approach to the management and 
technical activities necessary to: 

• Develop support requirements that are related consistently to 
readiness objectives, to design, and to each other, 

• Integrate support considerations effectively into the system and 
equipment design, 

• Identify the most cost-effective approach to supporting the system 
when it is fielded, and 

• Ensure that the required support structure elements are developed 
and acquired. 

The Program Manager is responsible for the ILS planning and preparation, 
and must address the following elements of logistics support during the 
acquisition process: 

• Manpower and personnel, 

• Supply support, 

• Technical data, 

• Training and training support, 

• Maintenance planning, 

• Computer resources support, 

• Design interface, 

• Facilities, 

• Support equipment, and 

• Packing, handling, storage and transportation. 
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The Program Manager during ILS planning estimates the costs of each of these 
logistics elements which together with the system acquisition cost results in the life-Cycle 
cost of the system. The life-cycle cost is one of the most important factors influencing the 
source selection process in the contracting phase of the acquisition process. [Ref 8] 

C. SUPPLY SUPPORT 

For many systems, the costs associated with design and development, 
construction, the initial procurement and installation of capital equipment, 
production, etc., are relatively well known. However, the costs associated 
with utilization and the maintenance and support of the system throughout 
its planned life cycle are somewhat hidden. At the same time, it has been 
indicated that a large percentage of the total life cycle cost for a given 
system is attributed to operating and maintenance activities. [Ref. 6] 

Supply Support is defined as the management actions, procedures and techniques 
used to determine requirements to acquire, catalog, stock, issue, and dispose of the 
spares, repair parts and consumables items that will be necessary to operate and maintain 
the weapon system during its life cycle. [Ref 5] 

As mentioned before, supply support is one of the logistics elements plaimed and 
prepared during the ILS process in the Brazilian Navy. The cost of this element has a 
significant impact on the source selection of the acquisition process. Just the acquisition 
cost of the Depot Level Repairable items analyzed in this thesis represented 24% of the 
total spent to acquire the helicopters they support. [Ref 9] 

During the ILS, the Program Manager develops a supply plan for the new weapon 
system. The main docmnent in this plan is a list with range and depth of support items 
that will be necessary to acquire. The list is the base for the calculation of the supply 
support costs that comprise the life cycle cost of the weapon system. [Ref. 5] The 
Program Manager develops the list of support items based on the following information: 
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• A forecast of the system usage provided by the CNO office, 

• If available, historical demand data from similar systems provided 
by the Naval Supply Command, 

• Engineering and other technical information obtained from the 
suppliers, and 

• Cost information obtained from market research or from the 
system supplier. 
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III. THE REPAIRABLE-ITEM INVENTORY SYSTEM 


In Appendix A, some terms and definitions are discussed that provide the reader 
with fundamental information needed to better understand the material presented in this 
chapter. The existing system in Brazilian Navy is similar to the system used in the United 
States Navy. The same three levels of maintenance previously mentioned for Brazilian 
Navy maintenance programs are assumed. The Brazilian Navy operates helicopters 
produced by contractors in four different countries, i.e., the United States, England, Italy 
and France. Presently, due to the technological complexity, a DLR item of these 
helicopters that needs D-level maintenance is sent to the manufacturer in these countries 
to be repaired. 

When a repairable item fails, a corresponding serviceable item is obtained from 
the rotable pool at the base and installed on the helicopter, thereby restoring it to full 
mission capability. These maintenance actions are considered to be at the organizational 
maintenance level. The failed item is submitted to the intermediate level maintenance. 
Some of the repairable items can be repaired in Brazil depending on the maintenance 
level required. 

The DLR requiring depot level maintenance is forwarded to a shipping facility 
and from there to a contractor repair facility located in one of the countries mentioned 
above. Once they reach the repair facility, carcasses are scheduled for repair, and 
subsequently returned in serviceable condition to the rotable pool. 

The cycle time from the moment that a failure is detected until the moment when 

the item returns to the stock point in a serviceable condition is unknown. The system does 

11 



not collect this data automatically. Long turnaround times adversely affect the readiness 
of helicopter squadrons. 

In all the steps followed from the time of failure to the return in RFI condition at 
the rotable pool, the DLR experiences long LDT and ADT. These delay times are the 
result of a number of issues. First, there is a need to fill out forms, pack the carcass and 
arrange transportation to a shipping facility. Second, when shipping materials from Brazil 
to another country and vice versa, it is necessary to prepare the exportation forms, 
conduct custom inspections in Brazil and in the destination country, and track the round 
trip transportation time. Finally, more delay is experienced when returning a repaired 
item to the rotable pool in the stock point due to the transportation time and the receiving 
process. 

Figure 3.1 shows the flow of materials through the Brazilian Navy repairable-item 
inventory system. 
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Figure 3.1. DLR Repair Cycle. 
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IV. A SIMULATION MODEL 


A. SIMULATION WITH ARENA 

Simulation is a quantitative analysis technique in which a model of a real world 
situation is developed and manipulated in order to gain knowledge and draw conclusions 
about the real world situation. Nowadays, the proliferation of personal computers 
contributes to the creation and dissemination of a large number of computer simulation 
tools, which are largely available in the market. 

To meet the objective of this thesis, a tool that not only would mimic the behavior 
of our real systems, but would also perform a simulation analysis was needed. Arena 
software, developed by Systems Modeling Corporation and Optimization Technologies, 
Inc., was chosen because of its powerful modeling capabilities. Arena also exploits a 
heritage of power simulation software in a natural, graphical interface. According to its 
creators. Arena enables process improvement by simulating core business functions in 
computer models and allows users to analyze alternative scenarios. [Ref 10] 

Our model representing the repair process of critical helicopter components was 
built with Arena. By using many available icons and coimecting lines, it was possible to 
mimic the actual movement of entities through the system. With this graphic approach, 
the user can visualize the model as he would visualize the real system. 

B. DATA SOURCES 

As mentioned previously, the Brazilian Navy repairable system does not compute 
or collect the data necessary for the development of our thesis automatically. According 
to Brazilian Navy Aviation Command, some data, i.e., time to repair, time to transport. 
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MTBF, MTBM, etc., are registered in the documents elaborated upon during the repair 
process. Retrieval required an intensive effort. Other data like time to remove/install 
components and time to process documents have no register at all. They had to be 
estimated based on the experience of the personnel involved in the activity. Despite all 
these difficulties, the Brazilian Navy Aviation Command was able to construct the data 
needed for the models developed in this thesis. [Ref. 1] 

C. MODEL DESCRIPTION 

The information supplied from the previous chapter generated the basic scenario 
in which our model takes place. Now, the simulation model of the Brazilian Navy repair 
process will be described in more detail. There are many specific rotable pools, one for 
each repairable item in the helicopter. However, for the purpose for this thesis, eight 
specific rotable pools of DLR items, listed below, are going to analyzed. These items 
were selected because of their criticality for the helicopter flying mission and also 
because these items were responsible for 64% of the costs associated with materials sent 
abroad by the Brazilian Navy to Depot Level Repair. These DLR items are, [Ref. 9] 

• Engine, 

• Intermediate Gearbox, 

• Main Rotor Head, 

• Main Gearbox, 

• Tail Gearbox, 

• Auxiliary Servo, 

• Tail Rotor Head, and 

• Primary Servo. 


During this simulation, the same rotable pool level was used for all the different 
helicopters operated by the Brazilian Navy. The purpose is not only to determine the 
different turn aroimd times (TAT) faced by the repairable-item inventory system when 
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operating with contractors in different countries, but also to see the effect of these TAT in 
the operational availability of the fleet. Table 4.1 presents the existing level for each DLR 
rotablepool. [Ref. 1] 



Quantity 

Engine 

11 

Intermediate Gearbox 

6 

Main Rotor Head 

8 

Main Gearbox 

6 

Tail Gearbox 

6 

Auxiliary Servo 

7 

Tail Rotor Head 

6 

Primary Servo 

7 


Table 4.1. DLR Rotable Pool Levels. 

The average flight hour rates per helicopter observed in year 1999 was 25 hours 

per month on average for the Brazilian Navy fleet. [Ref. 9] 

The MTBF (mean time between failures) data concerning this group of DLRs was 
collected manually by the Brazilian Navy Aviation Command from the logbooks of these 
components. [Ref. 7] 

Based on the data collected by the Brazilian Navy and on the average flight hour 
rates, the MTBF in days was determined. The statistical distributions were determined by 
applying the resulting data to the data input analyzer tool in Arena. 
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The input analyzer tool is a standard tool that accompanies Arena and is designed 
to fit a distribution to observed data and measure how well it fits the data. As a result of 
this process, this group of DLR's appear to follow exponential distributions with MTBF 
as specified. Table 4.2 summarizes the result. 



MTBF (days) 

Distribution 

Engine 

62.3 

Exponential 

Intermediate Gearbox 

44.5 

Exponential 

Main Rotor Head 

40 

Exponential 

Main Gearbox 

41.8 

Exponential 

Tail Gearbox 

61.5 

Exponential 

Auxiliary Servo 

37.8 

Exponential 

Tail Rotor Head 

32.7 

Exponential 

Primary Servo 

36 

Exponential 


Table 4.2. DLRs’ Mean Time Between Failures. 


When a DLR fails, a RFI DLR from the rotable pool is installed. The faulty DLR 
becomes an input to the AIMD where it is prepared to be sent abroad for repair. 

The time for removal/installation of DLR in the squadron and the preparation and 
transportation time from the AIMD to the shipping facility is not registered or collected 
by the Brazilian Navy. The data provided by the Aviation Command is based on 
interviews with the persons involved in the activity. [Ref 1] The Aviation Command 
estimates that to perform of these activities there is a minimum, mode and maximum for 
the time consumed, and that some variation around the mode can be observed. Using the 
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data provided, a triangular distribution was selected to fit these empirical data. The 
triangular distribution is defined by a minimum, most likely, and maximum value, and is 
a natural way to estimate the time required for some activity. [Ref. 10] Table 4.3 displays 
these times for each DLR measured in days. 

When one DLR fails, and there is no RFI DLR available from the rotable pool, 
the helicopter will be grounded until a RFI DLR is available. 



Time Consumed(days) 

Engine 

TRIA (20,30,60) 

Intermediate Gearbox 

TRIA (20,30,40) 

Main Rotor Head 

TRIA (20,30,50) 

Main Gearbox 

TRIA (20,30,40) 

Tail Gearbox 

TRIA (20,30,50) 

Auxiliary Servo 

TRIA (15,25,30) 

Tail Rotor Head 

TRIA (15,20,30) 

Primary Servo 

TRIA (15,25,30) 


Table 4.3. DLRs’ Squadron /AIMD Removal and Transportation Time. 

As mentioned in the previous chapter, the Brazilian Navy does not repair 
helicopter DLRs. All failed units are considered beyond the capability of maintenance 
and are shipped abroad for repair (D-level maintenance). The Brazilian Navy uses sea 
transportation as the default transportation mode. The time consumed in this activity is 
not collected, but the Aviation Command was able to provide an estimated minimum, 
mode, and maximum time. Thus the triangular distribution, TRIA (80,138,311), was 
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selected to fit the empirical data provided by the Aviation Command. [Ref. 1] This time, 


expressed in days, is consumed by the shipping facility to prepare the necessary 


documentation and to transport the failed carcass to its destination abroad for repairing 


and was estimated from some of the documentation elaborated during these activities. 


The time needed to repair each DLR is different for each contractor. The Aviation 


Command also does not collect this data regularly, but is able to provide an estimated 
minimum, mode and maximum time based on documents, like work orders and invoices 


issued during these activities. The triangular distribution was selected to fit these data. 
[Ref 1] 


Table 4.4. presents the total time, expressed in days, to repair each DLR by the 


different maintenance providers. 



United States 

France 

England 

Italy 

Engine 

TRIA(54,60H50) 

TRIA(72,80,200) 

TRIA( 117,130,325) 

TRIA(90,100,250) 

Intermediate 

Gearbox 

TRIA(30,36,72) 

TRIA(40,48,96) 

TRIA(65,78,156) 

TRIA(50,60,120) 

Main Rotor Head 

TRIA(72,84H44) 

TRIA(96,112,192) 

TRIA( 156,182,312) 

TRiA(120,140,240) 

Main Gearbox 

TRIA(60,84J44) 

TRIA(80,112,192) 

TRIA( 130,182,312) 

TR1A( 100,140,240) 

Tail Gearbox 

TRIA(30J6,48) 

TRIA(40,48.64) 

TRIA(65,78,104) 

wmsESMmm 

Auxiliary Servo 

TRIA(42,48,54) 

TRIA(56,64,72) 

TRIA(91,104,117) 

TRIA(70,80,90) 

Tail Rotor Head 

TRIA(2430,36) 

TRIA(32.40,48) 

TRIA(52,65,78) 

TR1A(40,50,60) 

Primary Servo 

TRIA(42,48,60) 

TRIA(56,64,80) 

TRIA(91,104,130) 



Table 4.4. Distribution of Total Time to Repair Abroad. 

Appendix B includes a view of the entire simulation model logic and a static view 


of the animation. Notice that the model is organized in such a manner that explicitly 


shows the path DLRs follow during the repair process and the use of the rotable pool. 


There is also a section named "Control Panel" where the resources related to “data 


updating” and output settings are placed, as well as the representation of the rotable 
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pools. In this case, the model can be easily changed to respond to different "what-if’ 
scenarios. 

D. ASSUMPTIONS 

The developed model intends to furnish the logistics decision makers with a 
decision support tool for the analysis of the operational availability of the Brazilian Navy 
helicopter fleet, as well as to evaluate the cost-effectiveness of the repairable-item 
inventory systems. On the other hand, the level of details and variations encotmtered 
when rendering an accurate simulation model had to be limited. Therefore, the following 
assumptions were made to use the model. 

• All DLRs are serviceable i.e., no condemnations are possible, 

• Spares do not fail while in the rotable pool, 

• Failures are always due to one, and only one of the DLRs. 
Consequently, DLRs do not fail at the same time, and 

• Cannibalizations are not considered. Hence, the operational 
availability of the fleets may be less in the simulation model than 
in real circumstances. 

E. VALIDATION 

Our simulation model replication length was set for a period equivalent to ten 
years because of the Brazilian Navy's assumption of a helicopter’s useful life before the 
need to modernize the process. [Ref. 11] 

Fifty replications for each of the contractors was run. This ensured a number of 
observations large enough for each run to provide an average operational availability 
value that is statistically reasonable. 

Counters were placed along the model (see Appendix B). They provided 

accountability for the number of parts flowing through the model at any time, as well as 

for the number of helicopters in queue due to the limitation of DLRs in serviceable 
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condition. These counters are very helpful in determining the potential bottlenecks of the 
system. 

F. RESULTS 

The results from running the simulation model showed that under the same 
inventory level of DLR, the Brazilian Navy helicopter fleet can have an Aq that ranges 
from 44 percent to 50 percent. The differences are not greater because 75% of the time 
necessary to return a DLR item to RFI condition is consumed by the Brazilian Navy 
repairable system in transportation and administrative time. [Ref 1] Appendix C presents 
the corresponding simulation output. Table 4.5 summarizes the TAT measured in days 
that each of DLRs in this study encounters with each contractor and the Ao that the 
Brazilian Navy helicopter fleet achieves as a result of this TAT. 



United States 

France 

England 

Italy 


TAT 

TAT 

TAT 

TAT 

Engine 

304.11 

332.09 

404.38 

360.96 

Intermediate 

Gearbox 

261.11 

276.50 

314.11 

191.58 

Main Rotor 

Head 

313.91 

347.93 

430.83 

381.58 

Main Gearbox 

310.22 

342.84 

419.78 

374.76 

Tail Gearbox 

250.64 

266.00 

298.83 

278.88 

Auxiliary Servo 

264.13 

278.68 

319.25 

296.51 

Tail Rotor 

Head 

244.62 

256.08 

279.85 

265.32 

Primary Servo 

263.61 

280.80 

323.79 

298.98 

Ao 

50.53% 

48.30% 

44.51% 

46.73% 


Table 4.5. Summary of Simulation Results. 
22 




















Notice that there are significant differences in TAT among the maintenance 
providers. England has the longest time in each category because of long bureaucratic 
procedures imposed by the government for companies dealing with military materials 
from foreign countries. To a great extent these long TAT can be attributed to outdated 
managerial procedures of the maintenance provider. United States has the shortest time in 
each category because of up-to-date managerial procedures of the maintenance provider, 
less government intervention in the maintenance providers, and intense commercial 
activity between the two countries which increases the transportation availability. 
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V. INVENTORY OPTIMIZATION AND OPERATIONAL 

AVAILABILITY 


A. INVENTORY MANAGEMENT 

1. Demand Based Sparing (DBS) 

The traditional inventory models, also called DBS, are characterized by an item 
approach with a focus on consumable items. The focus of this model is on determining 
how many and when to order each item while trying to balance the holding, ordering and 
stockout costs associated with these items. Under the DBS models each item is 
considered independently and equally; the decision to stock one item does not affect the 
decision to stock other items. All items have the same importance regarding the weapon 
system or equipment. 

The DBS models are largely used in commercial and military environments 

because they are relatively simple to implement based on information readily available, 

i.e., the past demands for the item. In the commercial world, the model works well 

because for a backordered item the customer can go and buy from another source or wait 

to receive the item. However, for military customers, this model presents two important 

drawbacks. First, in the military, the items are not equal. A spare can have different 

degrees of importance based on its effect on the system. A backordered item can mean 

that a complex, highly sophisticated and expensive defense system is not able to 

accomplish its mission and thereby causes degradation in force readiness. Second, in 

DBS, the system availability and the total investment in spares are outputs of the item 

decisions. Only after we buy each of the items that are part of the system we are able 

measure the resulting system availability and the total investment. Therefore, the 
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decisionmaker has no previous knowledge of the impact his or her decision of buying one 
item instead of another will have on the Aq of a system. Also, there is no way to 
determine what is the necessary investment to achieve a desired system Aq. 

2. Readiness Based Sparing (RBS) 

The objective of RBS is to provide the range, depth and location of spare 

parts to support readiness objectives at the least cost given the reliability 

and maintainability characteristic of a system or equipment. [Ref 12] 

Contrasted with the traditional model, RBS is a different approach where the 
focus changes from the item to the entire system and from consumables to repairable 
items. The fundamental questions in this model are, “How much it will cost to obtain 
spares to achieve desired system availability?”, and “How much do we need to move to a 
higher Aq?” 

Consider an inventory manager deciding which of two different spares to stock, 
each of them having the same probability of failure and the same impact on the system Ao 
but with different costs. Thus, an additional unit of any of the item results in the same 
increase in the system availability, but each unit will have a different impact on the 
budget. The RBS model determines the marginal increase in operational performance per 
increase in unit spares cost. 

The RBS model answers the questions above by presenting the decisionmaker 
with the system availability-cost curve as shown in Figure 5.1. The curve represents the 
dollar cost of incrementing the Ao. Points locate above the curve are unattainable and 
points below the curve represent inefficient allocation of resources. The curve gives the 
decision maker the ability to see the difference in costs that each level of Ao requires and 
how much availability can be achieved within budget constraints [Ref 13] 
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SYSTEMS AVAILABILITY 
COST CURVE 



AVAILABILITY BUDGET (MILLIONS) 

Figure 5.1 Example of System Availability Cost Curve. From Ref. [13]. 

3. The RBS Models 

The RBS models are classified into two types: Single-Site and Multi-Echelon. 
The Single-Site model describes the stock selection process at a single base without 
considering the stock at other bases or at a Depot. The Multi-Echelon Model considers a 
much more complex supply/maintenance environment, where the existence of various 
bases and Depots must be taken into consideration when selecting stock. [Ref 13] 

In this thesis the Single-Site Model is discussed and used to find the optimal 
quantity of DLR that the Brazilian Navy must carry to achieve a desired Ao. This decision 
is based on the fact that this is the model which describes the existing structure in the 
Brazilian Navy where there is only one aviation base. 

4. The Single-Site Model 

This model seeks to maximize system availability by minimizing the expected 
number of backorders (EBO), which corresponds to an increase in the fill rate at the base. 
We call EBOs the unfilled demand existing at any point in time. The fill rate is the 
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percentage of demands that are met at the time of demand. It can be shown that 
minimizing EBO corresponds to maximizing system availability. [Ref. 13] 

Then, the model uses marginal analysis to select from a group of candidates, to 
show which item provides the greatest contribution to the system availability at the least 
cost. The selection of items proceeds until it consumes the entire budget or achieves the 
desired availability. 

The mathematical formulas of the Single-Site model is shown below: 

s = OH + DI-BO 

where (s) represents stock level. It is defined as the sum of the on hand inventory (OH), 
the quantity due in (DI), minus the number of backorders (BO). The expected fill rate 
(EFR) is 

EFR(s) = Pr {DI<s-l} 

For expected backorders, the probability that the number of items due in exceeds 
the stock level "s" is computed, or 

00 

EBO= I (x-s) Pr {DI = x) 

X = s+1 

In addition, for each item that is a candidate to be stocked, A is calculated as 
shown below. The marginal decrease in EBO per unit of cost (c) obtained by adding one 
more unit of the item is shown. 

A = EBO(s)-EBO (s+1) 
c 
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5. Assumptions 

It is assumed that the time to the next DLR failure is not dependent on the time 
from the previous DLR failure. This characteristic is called memoryless, which is 
represented by the exponential distribution. When the time between failures follows the 
exponential distribution, then the expected number of failures over any fixed period of 
time follows Poisson distribution. Empirical evidence shows that the Poisson distribution 
is a reasonable distribution to describe the failures of repairables. [Ref 14] 

B. OPTIMIZATION OF THE BRAZILIAN NAVY’S DLR INVENTORY 

The basics of RBS and the Single-Site model have been covered. This model is 
next applied to determine the optimal level of DLRs the Brazilian Navy has to maintain 
to achieve desired operational availability. 

Our optimal inventory determination begins by using the TAT the DLRs 
experience in each country obtained from the simulation model and the DLR aimual 
demand provided by the Brazilian Navy to determine the average pipeline inventory. 
Table 5.1. presents the average time period, average demand and average pipeline 
inventory for each DLR. 
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Country 

Mean annual 
demand 
(m) 

Average 
total time 
(T)years 

Average 
Pipeline 
u = m T 

Engine 

ITALY 

5.7857 

1.0027 

5.8011 


USA 

5.7857 

0.8448 

4.8875 


ENGLAND 

5.7857 

1.1233 

6.4990 


FRANCE 

5.7857 

0.9225 

^3372 

Intermediate 

ITALY 

8.1000 

0.8099 

6.5606 

Gearbox 

USA 

8.1000 


18750 


ENGLAND 

8.1000 


7.0675 


FRANCE 

8.1000 

0.7681 

6.2213 

Main Rotor 

ITALY 

. . .- 

9.0000 

1.0599 

9.5395 

Head 

USA 

9.0000 

0.8720 

7.8478 


ENGLAND 

9.0000 

1.1968 

10.7708 


FRANCE 

9.0000 

0.9665 

8.6983 

Main Gearbox 

ITALY 

8.6000 

1.0410 

8.9526 


USA 

8.6000 

0.8617 

7.4108 


ENGLAND 

8.6000 

1.1661 

10.0281 


FRANCE 

8.6000 

0.9523 

8.1901 

Tail Gearbox 

ITALY 

5.8500 

0.7747 

4.5318 


USA 

5.8500 

0.6962 

4.0729 


ENGLAND 

5.8500 

0.8301 

4.8560 


FRANCE 

5.8500 

0.7389 

4.3225 

Auxiliary 

ITALY 

1 9.5000 

0.8236 

1 7.8246 

Servo 

USA 

9.5000 

0.7337 

6.9701 


ENGLAND 

9.5000 

0.8868 

8.4247 


FRANCE 

9.5000 

0.7741 

7.3541 

Tail Rotor 

ITALY 

11.0000 

jjllllllQ^gg^B 

8.1070 

Head 

USA 

11.0000 


7.4745 


ENGLAND 

11.0000 

0.7774 

8.5510 


FRANCE 

11.0000 

0.7113 

7.8247 

Primary Servo 

ITALY 

10.0000 

0.8305 

8.3050 


USA 

10.0000 

0.7323 

7.3225 


ENGLAND 

10.0000 

0.8999 

8.9992 


FRANCE 

10.0000 

0.7800 

7.8000 


Table 5.1. Average Pipeline. 

Next, the expected backorders are calculated for different stock levels using 


software developed by Gue (2000). [Ref. 15] The software uses this information to 

provide the EBO for each DLR stock level. This operation is repeated for each country 

where the D-level maintenance takes place. Appendix D presents the software outputs. 
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Then, a spreadsheet model is constructed, where the EBO information provided 
by the software and the DLR cost information provided by the Brazilian Navy, see Table 
5.2, are the inputs. With these inputs, the decrease in EBO or A resulting from adding one 
more unit of each DLR to the inventory is calculated. 



Acquisition Cost 
($ 000) 

Engine 

1,300 

Intermediate Gearbox 

143 

Main Rotor Head 

1,084 

Main Gearbox 

450 

Tail Gearbox 

230 

Auxiliary Servo 

153 

Tail Rotor Head 

197 

Primary Servo 

153 


Table 5.2. Acquisition Costs of DLR. 

Appendix E presents the resulting spreadsheets with the reduction of EBO 

corresponding to each country where the D-level maintenance of DLRs takes place. 

In a next step, from the spreadsheet developed we select the DLRs that provide 
the greatest reduction in the EBO. The item selected is added to the inventory, and for the 
new stock level, we run the simulation model to measure the new Ao achieved by the 
system. The result is compared with the former to confirm the increase in availability and 
validate the optimization model. 

However, as Kang et al. (1998) point out “An additional spare provides a higher 

Ao, but the marginal increase in Ao decreases as the number of spares increase.” In our 
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model we observe that after achieving an operational availability of 55% additional 
spares only leads to a very small or sometimes, depending on the source of the helicopter, 
no increase in Ao- Thus, to allow the comparison between the four different maintenance 
providers in equal conditions, we established 55% as the Ao to be achieved. This process 
is repeated for each country where the Brazilian Navy repairs its DLR. 

From the process above, the optimal DLR inventory levels the Brazilian Navy has 
to maintain to achieve the desired Ao were obtained for each country. Table 5.3. 
summarizes the optimal inventory level for each country and the achieved Ao. 



United States 

France 

England 

Italy 


6 

7 

8 

7 

Intermediate 

Gearbox 

11 

11 

13 

12 

Main Rotor 
Head 

10 

11 

13 

12 

Main 

Gearbox 

11 

12 

15 

13 

Tail Gearbox 

7 

8 

9 

8 

Auxiliary 

Servo 

12 

13 

14 

13 

Tail Rotor 
Head 

12 

13 

14 

13 

Primary 

Servo 

12 

13 

15 

14 

Ao 

55.01% 

55.56% 

55.20% 

55.32% 


Table 5.3. DLR Optimal Inventory Level. 

In Appendix F, all the inventory level combinations tested and the Ao achieved 

fi’om running the simulation model fifty replications at each level to diminish the random 

effects are presented. 

As all the other factors in the simulation and optimization process are held 
constant, it can be seen fi’om the results summarized above that the Brazilian Navy 
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Helicopter fleet achieves approximately the same Aq at different inventory levels. This 
results from the difference in the TAT the Brazilian Navy repairable-item inventory 
system faces in dealing with contractors located in different countries. 

C. INVENTORY LEVEL AND COSTS 

Table 5.4 summarizes the different inventory levels required to achieve an Ao of 
55%, the total acquisition costs of this inventory and the percentage of variation in levels 
and costs for each of the Brazilian Navy helicopter’s source. 
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totals 



88 


92 




Variation 








29.13% 1 


Table 5.4. Inventory Level and Costs. 

The comparison between each source shows that the Brazilian Navy experiences 


an increase in inventory levels that ranges from 8.64% to 24.69% and from 10.87% to 
29.13% in inventory costs. 

D. LIFE CYCLE COST OF DLR INVENTORY 

The dollar value presented in Figure 5.4 represents the Brazilian Navy's initial 
outfitting cost of DLR inventory. The cost of the capital used to build these inventory 
levels also needs to be computed during the useful life of the helicopter which is deviated 
from other uses in the Navy. [Ref. 16] As the Brazilian Navy does not have a specific 
discount rate to evaluate investment in projects, a 10% discount rate was adopted, which 


is the rate determined by the U.S. Office of Management and Budget for evaluation of all 
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the Federal Government projects. This rate is used to determine the total life cycle cost 
of the different inventory levels. [Ref 16] 

The period of investment is the same period assumed by the Brazilian Navy as the 
useful life of a helicopter, or 10 years. [Ref 11] 

Then, the information above is used to calculate the Future Value of the 
difference in inventory cost. The Fn mathematical formula is: [Ref 17] 

F„ = P(l+r)", 

where: 

Fn = accumulation or future value 

P = one-time investment today 

R = interest rate per period 

n = number of periods 

Table 5.5 presents the Fn results obtained from a spreadsheet model. 


Source 

Uillerence 

Value in 

Country 

(US$) 

lOyears 

(US$) 


- 

“ 



imggmyggg 

[Italy 



|sggg^|||||g[ 




Table 5.5. Life Cycle Inventory Cost. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


The initial chapters were devoted to the introduction of the Brazilian Navy 
Acquisition System and repairable-item inventory systems. A simulation model to mimic 
the repair process of a selected group of critical DLR components was then developed. 
The TAT of this group of critical DLR under each of the repair facilities used by the 
Brazilian Navy was measured. Then, we found the optimal inventory level the Brazilian 
Navy has to maintain in order to achieve a desired A© under the TAT faced by the system. 
We showed that the optimal inventory level necessary to achieve the desired Ao varies 
depending on the source of the helicopter. Furthermore, the variation in inventory levels 
has a significant impact on inventory costs which are not taken into consideration by the 
Brazilian Navy during the source selection in the acquisition system. 

A. CONCLUSIONS 

The following are specific conclusions drawn from our study: 

Source selection in the Brazilian Navy acquisition system does not take into 
account the variation in DLR inventory levels and related costs, which results from the 
different TAT faced by the repairable-item inventory system when dealing with each 
source. As the Brazilian Navy acquires its DLR items, cost analysis evaluating the supply 
support needed by the helicopter of each source is based only on the difference in the 
initial costs of these materials, which often results in buying fi’om a source with the 
lowest price. However, depending on TAT of the source, the initial low price can be more 
expensive due to larger inventories needed to account for repair tumaroimd time. 
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The difference in DLR inventory levels from one source to another can lead to an 
increase in the inventory costs from $9.2 million to $24.7 million dollars. Considering 
that the average acquisition cost of one of the helicopters operated by the Brazilian Navy 
is approximately $3.4 million, the difference in inventory costs can represent the 
acquisition of almost five new helicopters, a significant increase in the helicopter fleet. 

The source of the helicopter repair also greatly influences operational availability. 
In the current scenario where the Brazilian Navy operates helicopters from four different 
sources, the variation in operational availability ranges from 44 to 50 percent depending 
on the helicopter source, assuming existing rotable pool inventories. This represents an 
average of 4 more helicopters available over a period of ten years, with a lower inventory 
level and cost. 

In the Brazilian Navy repairable-item inventory system, the issue responsible for 
the majority of the long TAT is the system itself The system consumes 75% of the TAT 
with ADT and LDT. The main cause is the use of the sea transportation mode. 

B. RECOMMENDATIONS 

The lessons learned from the analyses conducted in this thesis support the 
following recommendations: 

The Brazilian Navy should consider using the methodology presented in this 
thesis during the acquisition of new weapons system to evaluate the impact that each of 
the possible sources will have on inventory levels and costs. This vsdll bring economical 
advantage by offering the possibility of selecting a source that requires lower inventory 
levels and costs. 
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The Brazilian Navy should consider the use of simulation models like the one 
developed in this thesis during new weapons systems acquisition process to evaluate the 
impact of the TAT of different sources will have on operational availability of the new 
system. This brings operational advantages to the Navy by having more systems 
available. 

The Brazilian Navy should consider implementing a mechanism that permits a 
continuous evaluation of the TAT in the repairable-item inventory system. This will 
allow preventative measures to avoid the actual "status-quo" where the system itself is 
responsible for the largest part of the TAT with adverse effects on inventories and 
operational availability. 

DLRs are critical and expensive components that must be closely tracked and 
have their related data automatically and accurately recorded. Historical data collection of 
Mean Time Between Failures, Mean Time To Repair and so on, become fundamental at 
the time of using methodologies such as the one presented in this thesis. Difficulties were 
encountered dining our data collection from the Brazilian Navy because the data needed 
to be collected manually and was not always available. Different explanations were given 
such as lack of personnel, lack of resources, poor managerial tools and organizational 
cultural reasons. The Brazilian Navy should consider the implementation of the computer 
systems that support its repairable-item inventory system of databases that allow the 
automatic collection and storage of this information. 

C. SUGGESTED TOPICS FOR FURTHER RESEARCH 

The Brazilian law establishes that government agencies must evaluate the costs 
when acquiring supplies and services. The Brazilian Navy option for sea mode is the 
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result of contracting transportation based only on the lowest price offered. As we show in 
the thesis the transportation of components to Depot Level Maintenance is a major 
contributor to long TAT in the repairable-item inventory system, which results in bigger 
inventory levels and costs for the Brazilian Navy, these factors are not taken into 
consideration when contracting the material transportation. We recommend a cost benefit 
analysis of this option and a comparison \vith the use of air mode as the default way to 
ship critical components. 


38 


APPENDIX A. DEFINITIONS AND ESSENTIAL TERMS 


DEFINITIONS AND ESSENTIAL TERMS 

1. Repairable Item 

A repairable is a supply item that is subject to economical repair and for which 
the repair is considered when computing requirements. [Ref. 18] 

2. Repairable-Item Inventory System 

A repairable-item inventory system is a set of organizations and processes used 
for controlling the repairable items from the point in time they fail until they return to a 
stock point in “ready-for-issue”(RFI) condition. In the military environment, a standard 
military repairable-item inventory system consists of repair facility (depot) dedicated to 
support one or more locations (bases) where equipment (helicopter) is assigned. 

3. Levels of Maintenance 

"Maintenance level pertains to the division of functions and tasks for each area 
where maintenance is performed." [Ref 6:p. 116] 

According to Blanchard [Ref 6], there may be two, three, or even four levels of 
maintenance depending on the nature and mission of the system. This study is focused on 
a three-level maintenance concept, in which maintenance may be classified as 
organizational, intermediate or depot. 

Organizational level maintenance, or 0-level maintenance, is performed at the 
operational site (squadron). Basically, it involves tasks related to the support of its own 
operation, and the removed components are normally forwarded to the intermediate level. 
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At the Intermediate level maintenance, or I-level maintenance, the removal and 
replacement of major modules, assemblies or piece parts may repair end items. For 
instance, this is the kind of maintenance performed by Aircraft Intermediate Maintenance 
Departments (AIMD) ashore or afloat in aircraft carriers. 

Finally, the Depot level maintenance, or D-level maintenance, constitutes the 
highest type of maintenance. Also called supplier or manufacture’s maintenance, this 
level of maintenance supports 0- and I-level activities. Thus, tasks accomplished here 
include performing maintenance beyond the capabilities of those two previous levels. In 
general, the depot facilities are remotely located to support specific geographical area 
needs or designated product lines. 

4. DLR (Depot Level Repairable) 

A Depot Level Repairable is a repairable item of supply that is designated for 
repair at the depot level due to its complexity. Examples of DLR are engines, main 
gearboxes, main rotor heads and so on. [Ref 18] 

5. Rotable Pool 

A rotable pool (RP) is a stockpile of repairable items that provides a spare in 
serviceable condition to facilitate a quick repair of a faulty system. Therefore, whenever 
there is a faulty component, an RFI from the pool can be quickly installed in the 
helicopter without waiting for the actual faulty repairable to be repaired. 

6. Operational Availability 

One of the major grading criteria for a Naval helicopter squadron Commander is 
the availability or operational readiness of the squadron. Operational Availability, 
commonly referred to as "Ao", is a good measure of system readiness and the essential 
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performance parameter of a logistics support system. Here is Blanchard's definition of 
Ao: 


Operational availability is the probability that a system or equipment, 
when used under stated conditions in an actual operational environment 
will operate satisfactorily when called upon. [Ref. 6:p. 81] 

Operational availability, Ao, is expressed mathematically as: 

Ao = MTBM / (MTBM + MDT) 


Where: 


• MTBM (mean time between maintenance) = 1/ (MTBMp + MTBMc) (or 
1/(1/X + 1/ftp) where X is failure rate and ftp is preventive maintenance 
rate). 

• MDT (maintenance down time) = M + LDT + ADT is total elapsed time 
required to repair and restore a system to full operating status. 

• M (mean active maintenance) = mean or average elapsed time required to 
perform scheduled (preventive) and unscheduled (corrective) 
maintenance. 

• LDT (logistics delay time) = maintenance downtime expended waiting for 
spare part to become available, waiting for transportation, waiting to use 
maintenance facility, etc. 

• ADT (administrative delay time) = maintenance delayed for reasons of an 
administrative nature. 

Therefore, a direct relation can be seen showing that whenever the MDT is 
reduced, Ao increases. 
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APPENDIX B. SIMULATION MODEL 
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APPENDIX C. SIMULATION OUTPUT 


ARENA Simulation Results 
Mauricio Casagrande - License #9400000 

Output Summary for 50 Replications 

Project: Brazilian Navy R/Run execution date: 10/30/2000 

Analyst: Cmdr.Mauricio CA/Model revision date: 9/29/2000 

OUTPUTS-USA 


Identifier 

Average 

Half-width 

Minimiom 

Maximum # 

Replic 

Average Ao 

.50537 

.00620 

.46836 

.56218 

50 

Avg Helicopter TAT 

44.019 

.59425 

39.158 

48.395 

50 

Avg USA TAT 

305.16 

.78328 

298.20 

310.90 

50 

DLR_8_TAT 

263.61 

2.2642 

246.67 

278.71 

50 

DLR_7_TAT 

244.62 

1.7170 

234.45 

258.05 

50 

DLR_6_TAT 

264.13 

1.7211 

248.13 

280.76 

50 

DLR_5_TAT 

250.64 

1.3626 

242.03 

260.72 

50 

DLR_4_TAT 

310.22 

1.5611 

297.29 

326.26 

50 

DLR_3_TAT 

313.91 

1.6944 

302.90 

331.30 

50 

DLR_2_TAT 

261.11 

1.7509 

247.18 

274.39 

50 

DLR_1_TAT 

304.11 

1-8270 

286.13 

316.10 

50 


OUTPUTS-France 



Identifier 

Average 

Half-width 

Minimum Maximum # 

Replic. 

Average Ao 

.48302 

.00588 

.42196 

.51269 

50 

Avg Helicopter TAT 

47.699 

.84782 

43.507 

57.078 

50 

Avg France TAT 

325.98 

.93005 

317.34 

332.68 

50 

DLR_8_TAT 

280.80 

1.8180 

268.56 

293.42 

50 

DLR_7_TAT 

256.08 

1.9386 

241.11 

272.72 

50 

DLR 6 TAT 

278.68 

2.2018 

255.79 

292.53 

50 

DLR_5_TAT 

266.00 

1.7366 

255.30 

278.59 

50 

DLR_4_TAT 

342.84 

2.1860 

323.46 

364.85 

50 

DLR_3_TAT 

347.93 

1.9950 

332.97 

360.94 

50 

DLR_2_TAT 

276.50 

1.7932 

265.17 

288.92 

50 

DLR_1 TAT 

332.09 

2.0524 

319.27 

350.97 

50 
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OUTPUTS-England 


Identifier 

Average 

Half-width 

Minimum 

Maximum 

# Replic 

Average Ao 

.44517 

.00625 

.39282 

.49136 

50 

Avg England TAT 

376.37 

.98768 

368.93 

384.78 

50 

Avg Helicopter TAT 

55.655 

.77888 

49.780 

61.420 

50 

DLR 8_TAT 

323.97 

1.9180 

304.08 

337.60 

50 

DLR 7_TAT 

279.85 

1.8303 

264.78 

291.32 

50 

DLR_6_TAT 

319.25 

1.6379 

309.95 

333.20 

50 

DLR_5_TAT 

298.83 

1.5193 

288.33 

310.58 

50 

DLR 4_TAT 

419.78 

2.2111 

401.62 

437.43 

50 

DLR 3_TAT 

430.83 

2.5348 

411.52 

457.70 

50 

DLR 2 TAT 

314.11 

2.0214 

294.43 

328.58 

50 

DLR_1_TAT 

404.38 

2.7668 

383.99 

423.01 

50 


OUTPUTS-Italy 



Identifier 

Average 

Half-width 

Minimum 

Maximum 

# Replic. 

Average Ao 

.46739 

.00526 

.42460 

.50280 

50 

Avg Helicopter TAT 

50.666 

.70144 

46.934 

57.053 

50 

Avg Italy TAT 

346.62 

.96323 

338.53 

352.83 

50 

DLR 8_TAT 

298.98 

1.6813 

284.04 

314.04 

50 

DLR 7_TAT 

265.32 

1.7258 

254.77 

278.68 
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DLR 6 TAT 

296.51 

1.8053 

282.86 

309.36 

50 
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1.5811 

268.13 

294.31 

50 

DLR_4_TAT 

374.76 

1.7064 

364.07 

385.24 

50 

DLR 3_TAT 

381.58 

2.3165 

363.63 

394.89 

50 

DLR 2 TAT 

291.58 

1.6375 

277.91 

305.84 

50 

DLR 1 TAT 

360.96 

2.6237 

340.20 

383.74 

50 
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APPENDIX D. STOCK LEVEL AND EXPECTED BACKORDERS 
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APPENDIX E. SPREADSHEET MODEL FOR A CALCULATION 


Marginal Decrease in EBO for Italian Helicopters 
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Marginal Decrease in EBO for American Helicopters 
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Marginal Decrease in EBO for English Helicopters 
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Marginal Decrease in EBO for French Helicopters 



1 engine 




HUBUESi&iQlH 

1 Aux. Servo 


1 

[I 

imsam 

IHE^H 

1 EBCr^ 


1 bBU 

lA 

1 bBO 

iZT-” 

1 bbJU 


1 bBO 

1 A 

1 bBU 



IHE9BI 

M 

ll2S[£iSiSj 

IHHHi 

ESSSltiSiSl 



\mmm 

IsItiSttSiSi 

\mmm 

EKStiSilSI 

\mmm 

lEfiiSaltiSj 

IHBH 

iBSlttSiSi 

\wmmi 

EfiBSiSiSj 

l■■■l 

U 

HfialSSj 

iisisisisfitiii 

Q£iffiSi 



IISI&SiSiaE£j 

imgy2iSj 

ISBSSSSS^ 

|cjc<c|^l2iSj 

iSlSiSaffiiSi 

EE&attSiMl 

ll2^2tiEQ 

ElifilBSl 

il2|22iStiSttl 

|2m2iSatiSi 

il*2^l2fi[2Sl 

u 



W3iS^ 




EIEfiSiSti 

l22SjSQS|y 

CKtiSiSlSi 

||2j^2i4tiJ 

EEiSSUSiSI 

I|i|ij2ij2g2l| 

gjjgjggjj 

ilSSSiSiBsl 

EliflatiSiSj 

ll222iSii£E3 

u 

BUitiSiSI 

'ISlSittistiSI 

EStiSaiSiSi 

ISlStSi£&fil 

ISStiSiSti 


I2isgg[ysj 

m2iSfi|^ 


l2i21SjSgSfil 

GEtiSttSiSI 


ElSaaa&Sl 

l2J2|Sigggi2 

EIsfiiSUiSI 

ISlSiStitiHU 

M 



a 


KttMMiHiS] 


ygym 

l222;21EmS] 

1 

11222^21^^ 

EStiffi] 

IISEiSisttEI 

Qj]!jK||tj2j 


^^2;gg22tSi 

l|2^2isSlti 

U 

UiBSSiSI 

'ISlSittattl 

ItfBKSl 

ISliiSisIfiti 

EKtiSBI 

IlSItttStiiSi 

ESIltiSiSi 

illSiS2^SI^ 

EbmSUSbI 

l2|2;2Uitil 

Q22gj2£iSiSj 

ElSiSIsiilSil 

|c|2iSfiB 

EISiSa&UH 

E£tiSiB 

l22Q;2Qj|2{| 

U 

ISIggQSj 

|222iSiSalJ 

ustism 



I2j2j2|t|jg|j2 

IStiSSitiSI 

isisiSiUistiii 

ISEIEUSiSI 

I2|*j2{|22y 

||222iUSiSl 

ElSiSItiill 

|«l2USittiSi 

EISiStiSEU 

|^£j|2g2isj 

l222J£Uy 

U 

IlfiM&iSiSl 


ISEiSIfiti 




UEi&tiS 

l2i2iSttsS(S 

BEEfSSti 

I222js;2^ 

IfiflUSlSit 

ESSiSItiSS 

UStiS 

l2jm2fiSQy 

UlEffiSi 

EEiSatiSti 

u 

ISSfiStiSti 

|«l2iSU&U 





y23gQ2iSl 



I222ittmi] 

l2|jgQ2iSiSl 

l2|2jiS£g^ 

IB2nSiSl 

I222isj£gy 


EASiSti^ 

ii 



ISiEUttSi 



ISISitiMSti 

l2222gg[2iSI 

(2g2iSiSigs22 

l2|222S£iSlSI 

l2|2i2iSttti 

EfifiBUSti 

I222iysis2£i 

l2g22Qjy 

l2|2;2iEaa2 

l2j|2g;2B 

l2J2;2£tiitl 

lU 

ISIStiS^ 


I222gj||2;2l 


ISISaKSti 

USiSiSfiaal 

l2£2£j2iSti 

UffiSsti 

l222iSltiSiSI 

lUBStiii 

EBSsfitiSiS) 

ElSlSItiSI 

EEttiUSiSi 

I2|2i2|fi{£j 

EEfttiSti 

EASiSUB 

lU 


I2my2^ 

ISISatiSiSiSi 


iy|cgg2;2i 

I2j2|2iisti£l 

EE&ls3 

2222isiSa2lti 

ISfiiiSEtiSti 

l2|2Qi24SS 

I2ms;2iy 

EEiiSBti 

EEiU 

l2U2Si5iiaH 

l2£2BSi 

l2^2USjKsi 

UJ 



ISISUaUSiSl 

iSISiSiSillil 


I2j2jsisitii] 

ISitiSiSti 

USiSiSi£ti 

IS&StSiStiSiSi 

l222lSiSiSiSE 

ElSUtiSiSl 

l2J2i2J25ij5| 

l2m{S 

EISiStiB 

l2|{2istiSiSi 

EASiSiSfiaU 



ISSSiSti 


l2{2j2iiSi 

ISSEfifiSiSI 

IlliiilSiStisI 

i2222imsm 

2222i2jUiti 

I222|sism 

Eisnsfi 

EISISEI 

EASBEil 

EIStiSB 

l2]22i2B 

ElSfiaffil 

EASiSiStisBI 

lU 

ISAIiSiStiUi 

l22i|>iSiSiS|| 



|>l2^2iSiSlSj 

I2|22isugi] 

l2J2£2igsiSI 

ISISiSiSiS^ 

ISlSiSiSUSiS) 

l2J2iSiSiSiSiy 

l2£m22iSj 

I2|2isis|£gj 

l22Sj£l2Q2;2l 

l2||2isj2U^ 

I2j22£g*y4| 

l222j;2AEB 

iti 



ISISiSUISti 

ISlSiSiSiSIti 

UfiSiHitiSti 


l2|2UiQs;y' 

[2gi2;2iiiSati 

l2j22Ui5ISjj 

l2]m2iSiSiSiSi 

ElSiSiSU 

EESBil 

I2|22I22;2} 

ISiSi&iSiStt) 

EliilKB 

EASi2B 

iti 

iS&SiiiSUSti 


ISISkStSatiS) 


ISIStttiSti 

I222i2is;*m 

I2i22;jys;s); 

I2j^2|2i2££j 

l22|2iSiSjiSiSti 


EASiSfiB 

ElSiSttiSfiti 


I2j2isiyjg3 

l222iSaffl 

I2i2ijj5i5jg| 

u 



ISASlSiSUSti 

l22Uj2iSiSfil 

ISISiSi£iSiSI 

l2i2iUisis^ 

ElSiSfiaiSiSI 

l2{2jS£S||Sj 

I2i22iujyyi 

|2msiSiSiSiSi 

ElSiSUSiSiSI 

EASffiUSI 

m2i2£iUiSl 

ElSiSiSiiSUsI 

EISiSBSlI 


Iti 




ISliiSiSiSiSU 

I222l2l«ym 

|i|2iyj*i2Bl 


[2|2j2jsj2isyj 


l2|2iUjsiSiS) 

l2J2iJiJal5iSll 

ElSiSlSiSiSti 

I2^24JM 

l2|2iySiSiSfl 

EASiSiSiBI 

EASiSiStiSti 

Iti 






l2jm2j2ii;2U 

I2g2iiysgsis]| 

l2|22jsiS{SQ| 

Q2i2nyj 

l2|2iS£2iSi 

l2|2;2iSUSiS)l 

l2j22|ysiUQ 

l2|2iSiSBI 

EISiSilSiBI 

m2iSjSBI 

I2j2i5jm|*gj 





ISASiSitiiSiSli 

ISISiSiSisiSiSil 

USiSiiiSiSU 

l222iSiSfiiSiSil 

ISISiSiSiSiSyi 

y2i2iSiSiSiSI| 

BISiSiSiSiSiSli 


EEiStiSiSlil 

ElSiSiSUSiSI 

l2mj2iSiSiSUI 


EASiSiStiSU 


Cost 

US$ 

X(1000) A 

c c 


DLR-1 

1,300 

DLR-5 

230 

A = EB0(s)-E80(s+1) 

DLR-2 

143 

DLR>6 

153 

c 

DLR-3 

1,084 

DLR-7 

197 


DLR-4 

450 

DLR-8 

153 



54 






























Inventory Level - ITALY 
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